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This invention relates to video post-production of 
material acquired on film, and more particularly to the 
use of high-definition video equipment for the post- 
production of material acquired on movie film. 

60Hz, that is 60 fields per second, 2:1 interlace 
format high-definition video equipment is now well 
known and in widespread use. Despite this, movie film 
remains a very good way of acquiring material, even 
where the material is subsequently to be distributed in 
the form of high-definition video. This is not only 
because of the favourable rendition of material on 
film, but also due to the relative portability of film 
cameras compared with the current generation of 
high-definition video cameras, and also the ability of 
film cameras to produce good slow motion by acquisi- 
tion at high frame rates. 

Nevertheless, it is desirable to enable material 
acquired on film, normally at 24Hz, but possibly at 
25Hz or 30Hz, to be post-produced using 60Hz 2:1 
interlace format high-definition video equipment, even 
in cases where the material may subsequently be 
transferred back to film for distribution. This is 
because there are many processes and effects which 
can readily be carried out on a video signal, for 
example, digital multi-effects, the integration into the 
film material of live video material, manipulation of the 
image, or even merely the simple addition of captions 
or titles, which are very expensive to do optically. 
Moreover, it may be desired to apply such processes 
and effects to material held in film archives. 

Figure 1 shows in block form a possible system 
for video post-production of material which has been 
acquired on film and is to be distributed on film or 
video. 24Hz 1:1 format film material 1 is read by a tele- 
cine 2 to derive a 60Hz (60 fields per second) 2:1 inter- 
lace format video signal. This may be done, for 
example, using 3 2 3 2 pull down, referred to in more 
detail below, and as currently used, for example in 
Japan and USA, for converting film material to a video 
signal. The video signal is supplied to a post-produc- 
tion unit 3 from which the modified video signal is sup- 
plied to an electron beam recorder system 4 for 
recording on film material 5 in a 24Hz 1:1 format, for 
example using a drop field technique. The modified 
video signal may also be supplied to a video recorder 
6 for recording in 60Hz 2:1 interlace format 

It might be considered that the initial transfer from 
film to video could be done directly, in the sense that 
each frame of the film became a frame of video. Then, 
following post-production, each frame of video could 
be transferred directly back to a film frame. However, 
if this method were used then the video signal in the 
post-production unit 3 could not be viewed at real time 
speeds, because all action would be speeded up by 
a factor of 30/24. This would make it difficult to 
evaluate the aesthetic aspects of the programme ma- 
terial during the post- production process. Moreover, 
the modified video signal could not be directly trans- 



ferred to the video recorder 6 for distribution in video 
form. This possibility is not, therefore, a practical 
option. 

The alternative is as indicated above in connec- 

5 tion with Figure 1, in which there is field repetition in 
the transfer from film to video. Figure 2 illustrates the 
3 2 3 2 pull down system, and shows the correspond* 
ence between film frames and video fields. This is 
shown for 24Hz 1:1 format film transfer to 60Hz (30 

10 frames per second) 2:1 interlace format video. It will 
be seen that film frame 1 is used to form video fields 
1, 2 and 3, video field 3 being a so-called phantom 
field because it is a repeat of video field 1 . Film frame 
2 is then used to form video fields 4 and 5. This gives 

is an odd-even-odd-even-odd sequence of five video 
fields derived from the two film frames. To maintain 
the required odd/even alternation in the video fields, 
the 5-field sequence obtained then has to be repeated 
starting with an even field. Thus, film frame 3 is used 

20 to form video fields 6, 7 and 8, and film frame 4 is used 
to form video fields 9 and 10. In this case, video field 
8 is the phantom field because it is a repeat of video 
field 6. Repetition of this 10-field sequence gives the 
required odd/even alternation. 

25 This method produces correct speed of action 

during video post-production, although motion 
characteristics will be slightly jerky due to the phan- 
tom fields, that is the repeated video fields in each 5- 
field sequence. Although, as mentioned above, this 3 

30 2 3 2 pull down method is commonly used for film to 
video transfer in USA and Japan, the motion portrayal 
is not strictly correct, although it is acceptable to view- 
ers. 

Video post-production equipment currently avail- 

35 able is generally intended to operate on a video signal 
which is interlaced, that is a signal in which the two 
fields which compose a frame are equally separated 
in time from adjacent fields. Any post- production 
equipment that produces motion, such as special 

40 effects generators, or equipment which generates 
wipes or moving captions, therefore operates in such 
a way as to produce a regular motion across video 
fields. An example of this is shown for a switcher wipe 
in Figure 3, where a wiping edge moves regularly 

45 across the picture from side to side. Fields 1 to 6 
shown on the left correspond to fields 1 to 6 from Fig- 
ure 2; field 3 being one of the phantom fields in the 1 0- 
field sequence. The arrows in the centre of the figure 
indicate the fields selected for transfer to film, the 

50 image on which is indicated on the right of the figure. 
The areas within the concentric circles indicate a 
magnified view of the line structure derived from the 
video signal. The hatched areas in the images show 
the smear regions resulting from the composition into 

55 the same frame of video fields in which the motion of 
the wipe is different It will also be noted that in par- 
ticular due to dropping the phantom field, there is a 
sharp jump in the motion due to the dropped field. 

3 
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What has happened, is that there is now an incorrect 
temporal sequence as a result of dropping the phan- 
tom field, and so the motion is smeared. 

According to the present invention there is pro- 
vided a method of film to video signal transfer involv- 
ing the creation of phantom video fields, wherein a 
field sequence identifier is associated with said video 
signal to identify said phantom fields. 

According to the present invention there is also 
provided a method of 24Hz 1:1 format film to 60 Hz 2:1 
interlace format video signal transfer using 3 2 3 2 pull 
down, wherein a 10-field sequence identifier is 
associated with said video signal. 

According to the present invention there is also 
provided a method of 24Hz 1:1 format film to 60Hz 2:1 
interlace video signal to 24Hz 1:1 format film transfer 
comprises the steps of: 

converting 24Hz 1:1 format film material to a 60Hz 2:1 
interlace format video signal using 3 2 3 2 pull down; 
associating a 10-field sequence identifier with said 
video signal, said 10-field sequence identifier indicat- 
ing the phantom fields added during said pull down; 
effecting motion processing of said video signal in de- 
pendence on said 10-field sequence identifier, 
modifying said 10-field sequence identifier in depen- 
dence on processing delays occurring during motion 
processing of said video signal, to maintain correct 
indication of said phantom fields added during said 
pull down; 

converting said video signal to 24Hz 1:1 format, 
including dropping said phantom fields added during 
said pull down and indicated by said modified 10-field 
sequence identifier; and 
recording said converted video signal on film. 

According to the present invention there is also 
provided apparatus for film to video signal transfer 
involving the creation of phantom video fields, the 
apparatus comprising means to associate a field 
sequence identifier with said video signal to identify 
said phantom fields. 

According to the present invention there is also 
provided apparatus for converting 24Hz 1:1 format 
film to a 60Hz 2:1 interlace format video signal, the 
apparatus comprising: 

conversion means for transferring 24Hz 1:1 format 
film material to a 60Hz 2:1 interlace format video sig- 
nal using 3 2 3 2 pull down; and 
coding means associated with said conversion means 
for associating a 10-field sequence identifier with said 
video signal. 

According to the present invention there is also 
provided apparatus for 24Hz 1:1 format film to 60Hz 
2:1 interlace format video signal to 24Hz 1:1 format 
film conversion, the apparatus comprising: 
means for transferring 24Hz 1:1 format film material to 
a 60Hz 2:1 interlace format video signal using 3 2 3 2 
pull down; 

coding means for associating a 10-field sequence 



identifier with said video signal, said 10-field sequ- 
ence identifier indicating the phantom fields added 
during said pull down; 

a motion processor for effecting motion processing of 
5 said video signal in dependence on said 10-field 
sequence identifier; 

means for modifying said 10-field sequence identifier 
in dependence on processing delays occurring during 
processing of said video signal, to maintain correct 
10 indication of said phantom fields added during said 
pull down; 

conversion means for converting said processed 
video signal to 24Hz 1:1 format said conversion 
means dropping said phantom fields added during 
15 said pull down and indicated by said modified 10-field 
sequence identifier; and 

recording means for recording said converted video 
signal on flm. 

The invention will now be described by way of 
20 example with reference to the accompanying draw- 
ing, througout which like parts are referred to by like 
references, and in which: 

Figure 1 shows in block diagrammatic form equip- 
ment for post-production of material acquired on 
25 film; 

Figure 2 shows a 10-field video sequence pro- 
duced by 3 2 3 2 pull down; 
Figure 3 shows video fields in a smooth horizontal 
switcher wipe and the resulting film image pro- 
30 duced by dropping fields; 

Figure 4 shows the motion sequence required in 
an embodiment of the present invention; and 
Figure 5 shows an embodiment of apparatus 
according to the present invention in block diag- 
35 rammatic form; and 

Figures 6 and 7 show parts of the embodiment in 
more detailed block diagrammatic form. 
Before describing the embodiment, some further 
consideration of the matters discussed above may be 
40 helpful for a fuller understanding of the invention. 

Where material acquired, for example, as a 24Hz 
1 :1 format film has been transferred to 60Hz 2:1 inter- 
lace format video, it needs to be understood that the 
video material derived is not identical as regards 
45 motion characteristics to material which is derived 
directiy as 60Hz 2:1 interlace format video. So far as 
the motion characteristics are concerned, they are 
dependent on the way in which the material was 
acquired initially, and hence in this example the 
so motion characteristics are those of 24Hz 1:1 format 
If then one considers, for example, the case 
where some additional motion has been put into the 
material, for example the switcher wipe illustrated in 
Figure 3, then it needs to be understood that the 
55 resulting picture in fact incorporates two motions. 
Firstly, there is the motion derived from the original 
material, which was acquired in a progressive format 
that is with a regular time difference between fields. 
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Secondly, there is any motion introduced electrons 
cally by manipulation of the video signal. It could be 
said, therefore, that what is required is to give these 
two motions the same movement characteristics, in 
order to avoid unnatural effects in the final material. 
When manipulating the video signal, therefore, any 
motion introduced must be modified to take account 
of the temporal positions of the inputand output sequ- 
ences of fields of frames. 

Put very simply, this is done by relating the video 
fields to the film frames. In more detail, what this 
means is that in the case described above where film 
frames are converted to video fields by a 3 2 3 2 pull 
down which creates a 1 0-field sequence containing 
two phantom fields, these phantom fields must 
tracked, and also account must be taken of their tem- 
poral positions all through the post-production equip- 
ment, so that correct motion is introduced, and, when 
the material is converted back to 24 Hz, it is the phan- 
tom fields which are dropped, and the motion is the 
same for the two fields which are to form a frame. 

This identification can be done in a variety of dif- 
ferent ways. For example, the 1 0-field sequence can 
be identified by modulo-10 coding the video time 
code, by auxiliary data inserted into the video signal 
itself, for example by marking a specific line or insert- 
ing data in a specific line in the blanking interval of 
each field, or by using some other auxiliary signal, 
such as time code user bits or video indexing. This 
marking of the 1 0-field sequence is done at the time 
that the film material is transferred to video and is 
maintained thereafter up to the point where the phan- 
tom fields are dropped. 

All circuitry in the post-production unit which intro- 
duces motion into the video signal, such as switchers, 
digital multi-effects equipment, rolling caption 
generators, special effects generators and so on, 
incorporate means to decode the 10-field video sequ- 
ence identifier, so as to control their own operation. 
Other circuitry carries forward the 1 0-field video sequ- 
ence identifier, and any circuit which introduces a 
delay effects any necessary compensating delay in 
the 10-field video sequence identifier. 

The motion characteristics produced by circuits in 
the post-production equipment are modified so as to 
form the correct motion sequence in the output after 
dropping the phantom fields. This is illustrated in Fig- 
ure 4 which shows the motion sequence from the 10- 
field video sequence to the final sequence of four film 
frames. The 10-field sequence is the same as that 
shown in Figure 2, fields 3 and 8 being the phantom 
fields. The motion in fields 1 , 2 and 3, all of which are 
derived from frame 1, is the same, and is referred to 
as motion 1. This must correspond to motion 1 in the 
output frame 1. Likewise, motion 2 in fields 4 and 5 
derived from input frame 2 must correspond to output 
frame 2, motion 3 in fields 6 and 7 derived from input 
frame 3 must correspond to output frame 3, and 



motion 3 in fields 8, 9 and 1 0 derived from input frame 
4 must correspond to output frame 4. 

At the stage of 60Hz 2:1 interlace format video to 
24Hz 1:1 format film transfer, the phantom frames 

5 must be recognized and dropped from the video sequ- 
ence. It is particularly to be noted that equipment pro- 
cessing delays must be taken into account when 
using or passing on the 10-field video sequence iden- 
tifier, and this is preferably done by having each circuit 

10 in the post-production equipment modify the 10-field 
video sequence identifier according to its own proces- 
sing delay. 

The overall result is that post-produced video is 
seen at the correct speed with adequate motion ren- 
ts dition; adequate here meaning that the motion rendi- 
tion is similar to that achieved now by 3 2 3 2 pull down 
in a telecine. An important point so far as the producer 
is concerned, is that the video can be seen at the cor- 
rect speed. More importantly, the correct motion por- 
20 trayal is produced on the resulting 24Hz 1:1 format 
film, whereas without the measures outlined above, 
the motion portrayal would have become very 
unnatural. 

The above results can be achieved merely by 

25 modification of those circuits of the post-production 
equipment which introduce motion of some sort into 
the picture. Circuits which do not introduce motion do 
not need any modification except to effect the neces- 
sary compensating delay in the 10-field video sequ- 

30 ence identifier where necessary. 

A specific embodiment will now be described with 
reference first to Figure 5. The system is intended for 
video post-production of material which has been 
acquired on film and is to be distributed on film or 

35 video. 24Hz 1:1 format 35mm film material 1 is read 
by a film to video converter 12 to derive a 60Hz 2:1 
interlace format video signal. The converter 12 may, 
for example, be the HDTV (high definition television) 
35mm laser telecine produced by NAC Incorporated 

40 of Japan. 

The converter 12 is modified by the provision of 
a sequencer 13 to produce the 10-field video sequ- 
ence identifier and associate it with the output video 
signal. This can be done by supplying the output sig- 

45 nal from the photo-multiplier arrangement which 
derives the video signal in the above-mentioned laser 
telecine to an array of field stores which are written in 
cyclically but are read to give the field sequence 
shown in Figure 2. In particular the field stores are 

60 read to provide the 3 2 3 2 pull down in which fields 
from frame 1 and frame 3 are each read three times 
to provide the phantom fields at field 3 and field 8 in 
the field sequence. This is done by deriving a signal 
which indicates the current frame of the film, this sig- 

55 nal controlling the reading of the fields and also gen- 
eration of the 10-field video sequence identifier. The 
10-field video sequence identifier is then written into 
an inactive portion of each field read from the field 
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stores, so producing the required output modified 
video signal. 

The 10-fieid video sequence identifier can, for 
example, simply mark the first field of a 10-field sequ- 
ence, and this can be done by selecting one line in the 
inactive portion of each field and setting it to the peak 
white level in the first field and to black level in the 
other nine fields of the sequence. This is similar to a 
method used to identify the 8-field sequence in PAL 
video. 

Alternatively the 10-field video sequence iden- 
tifier can use a modified time code. The standard time 
code identifies specific frames of video in terms of 
hours, minutes, seconds and frames from a predeter- 
mined start point. Such a time code can readily be 
converted into a frame count from the start point by 
multiplying the counts for hours, minutes and seconds 
by 108000, 1800 and 30 respectively, summing the 
results, and adding this sum to the frame number to 
give a final sum which is the required frame count. By 
taking the modulo-5 value of the frame count, specific 
frames corresponding to a 10-field sequence in the 
video signal can be identified. Again, a similar method 
is used to identify the 8-field sequence in PAL video. 

Other forms of 1 0-field video sequence identifier 
are of course possible and one example is a relatively 
complex signalling scheme such as video indexing. 
Moreover, it is not essential for the converter 12 to use 
3 2 3 2 pull down as described above, as alternatives 
such as 3 2 2 3 pull down are possible with the con- 
sequential changes to the phantom fields and the 
motions. 

The video signal with the 10-field video sequence 
identifier is supplied to a post-production unit 3. This 
may, for example, be the high definition digital video 
effects unit HDE-10K HDVS DME developed by Sony 
Corporation of Japan. This unit is capable of a wide 
range of 3-dimensional effects. For present purposes 
it is only necessary to mention translation of scale and 
rotation of the picture about any of three axes, 
because these effects introduce motion into the pic- 
ture. 

Referring to Figure 6, the unit 3 comprises three 
identical signal processors 21, 22 and 23 for manipu- 
lation of the R, G and B signals respectively. The pro- 
cessors 21 to 23 are controlled via a high speed link 
from a control processor 25, which is a high speed 
persona! computer system, to provide both effects 
composition and real time control of the unit 3. A digi- 
tal test source (DTS) 26 can provide a background 
image, while the input and output of the unit 3 are pro- 
vided with analogue-to-digital (A/D) and digital-to- 
analogue (D/A) converters 27 and 28, respectively. 

Assuming that the 10-field video sequence iden- 
tifier is incorporated in the input video signal, it is ext- 
racted at the A/D converter 27 and supplied to an 
identifier reader and generator 29, the output of which 
is connected to the D/A converter 28. A two-way link 



connects the identifier reader and generator 29 to the 
control processor 25. Depending then on the effects 
called for by the control processor 25 and in particular 
on any motion of the image consequent on the effect 

5 selected, the control processor 25 causes the motion 
to be modified in dependence on the 10-field video 
sequence identifier. In addition, the 10-field video 
sequence identifier is modified in dependence on the 
processing delay, and the modified 10-field video 

10 sequence identifier is incorporated at the output video 
signal by the D/A converter 28. 

Alternatively, if the 10-field video sequence iden- 
tifier is merely associated with the input video signal, 
rather than incorporated therein, then it can be sup- 

15 plied directly or via an identifier reader and generator 
as appropriate to the control processor 25, and the 
modified 10-field video sequence identifier is then 
supplied directly by the control processor 25 or via the 
identifier reader and generator to be associated with 

20 the output video signal. 

Thus in all cases the control processor 25 can 
read the 1 0-field video sequence identifier and hence 
determine the relationship between the video sequ- 
ence and the 10-field video sequence, that is, what 

25 movement is required for the particular field being pro- 
cessed. The modified 10-field video sequence iden- 
tifier is then generated. For example, if the processing 
delay in the unit 3 were four frames, then the 10-field 
video sequence identifier would need to be regener- 

30 ated with a four frame offset. 

Referring again to Figure 5, the modified video 
signal is supplied to an electron beam recorder sys- 
tem 4 for recording as film material 5 in a 24Hz 1:1 for- 
mat, using a drop field technique. The modified video 

35 signal will in fact generally be supplied to a video 
recorder 6 for recording in 60Hz 2:1 interlace format 
for subsequent reproduction in slow motion as it is 
preferred that the electron beam recorder system 4 
operate in slow motion. The electron beam recorder 

40 system 4 may be as disclosed in a paper 'HDTV Elec- 
tron Beam Recording* presented by Thorpe and 
Ozaki at the 129th SMPTE Technical Conference, 31 
October to 4 November 1987. 

Thus as shown in Figure 7, the electron beam 

45 recorder system 4 comprises a playback video tape 
recorder 41 which operates in slow motion at 1/30th 
speed. The front end processors comprise a pedestal 
and level adjuster 42, a frame memory unit 43, a par- 
allel-to-serial converter 44, a gamma corrector 45, 

so and a D/A converter 46. 

When the equipment operates in 30Hz (non-drop- 
field) mode, the actual electron beam recorder device 
47 writes three frames of 2250 lines for each of the R t 
G and B in one second (1/30 of normal speed). The 

55 frames are recorded on black and white film, and 
therefore colour pictures have to be written as frame 
sequential black and white separations. 

The frame memory unit 43 is required to acquire 



9 



EP 0 473 322 A1 



10 



complete frames of data from the interlaced input and 
to allow line doubling up to 2250 lines. 

When operating in 24Hz (drop-field) mode, the 
frame memory unit 43 is used to drop every fifth field 
simply by a control signal which inhibits writing of 5 
those data into memory. In 24Hz mode the effective 
writing speed is reduced to one frame in 30/24 of a 
second. 

The modification required to allow the phantom 
fields of the 3 2 3 2 pull down sequence to be dropped 10 
therefore simply involves synchronizing the writing of 
data into the frame memory unit 43 with the 10-field 
video sequence identifier, which is used to derive the 
control signal for the frame memory unit 43. 



Claims 

1 . A method of film to video signal transfer involving 
the creation of phantom video fields, wherein a 20 
field sequence identifier is associated with said 
video signal to identify said phantom fields. 

2. A method according to claim 1 further comprising 
motion processing of said video signal in depen- 25 
dence on said field sequence identifier. 

3. A method of 24Hz 1:1 format film to 60Hz 2:1 
interlace format video signal transfer using 3 2 3 

2 pull down, wherein a 10-field sequence iden- 30 
tifier is associated with said video signal. 

4. A method of 24Hz 1:1 format film to 60Hz 2:1 
interface video signal to 24Hz 1:1 format film 
transfer comprises the steps of: 35 
converting 24Hz 1:1 format film material to a 
60Hz 2:1 interlace format video signal using 3 2 

3 2 pull down; 

associating a 10-field sequence identifier with 
said video signal, said 10-field sequence iden- 40 
tifier indicating the phantom fields added during 
said pull down; 

effecting motion processing of said video signal in 
dependence on said 10-field sequence identifier; 
modifying said 10-field sequence identifier in de- 45 
pendence on processing delays occurring during 
motion processing of said video signal, to main- 
tain correct indication of said phantom fields 
added during said pull down; 

converting said video signal to 24Hz 1:1 format, 50 
including dropping said phantom fields added 
during said pull down and indicated by said mod- 
ified 10-field sequence identifier; and 
recording said converted video signal on film (1). 

55 

5. A method according to claim 3 or claim 4 wherein 
said 10-field sequence identifier comprises mod- 
ulo- 5 or modulo-10 coding of a time code in said 



video signal. 

6. A method according to claim 3 or claim 4 wherein 
said 10-field sequence identifier comprises mar- 
ked lines or data incorporated In lines of the 
blanking intervals of said video signal. 

7. A method according to claim 3 or claim 4 wherein 
said 10-field sequence identifier comprises time 
code user bits. 

8. Apparatus for film to video signal transfer involv- 
ing the creation of phantom video fields, the 
apparatus comprising means (13) to associate a 
field sequence identifier with said video signal to 
identify said phantom fields. 

9. Apparatus according to claim 1 further comprising 
means (21 , 22, 23) to motion process said video 
signal, the motion processing being effected in 
dependence on said field sequence identifier. 

1 0. Apparatus for converting 24Hz 1 :1 format film (1) 
to a 60Hz 2:1 interlace format video signal, the 
apparatus comprising: 

conversion means (1 2) for trans f erring 24Hz 1 :1 
format film material to a 60Hz 2:1 interlace format 
video signal using 3 2 3 2 pull down; and 
coding means (13) associated with said conver- 
sion means (12) for associating a 10-field sequ- 
ence identifier with said video signal. 

11. Apparatus for 24Hz 1:1 format film to 60Hz 2:1 
interlace format video signal to 24Hz 1:1 format 
film conversion, the apparatus comprising: . 
means (12) for transferring 24Hz 1:1 format film 
material to a 60Hz 2:1 interlace format video sig- 
nal using 3 2 3 2 pull down; 

coding means (13) for associating a 10-field 
sequence identifier with said video signal, said 
10-field sequence identifier indicating the phan- 
tom fields added during said pull down; 
a motion processor (21, 22, 23) for effecting 
motion processing of said video signal in depen- 
dence on said 1 0-field sequence identifier; 
means (25, 29) for modifying said 10-field sequ- 
ence identifier in dependence on processing 
delays occurring during processing of said video 
signal, to maintain correct indication of said phan- 
tom fields added during said pull down; 
conversion means (43) for converting said pro- 
cessed video signal to 24Hz 1 :1 format, said con- 
version means (43) dropping said phantom fields 
added during said pull down and indicated by said 
modified 10-fteld sequence identifier; and 
recording means (47) for recording said conver- 
ted video signal on film. 



MIPfWIfN. .CO 



11 BP 0 473 322 A1 12 

12. Apparatus according to claim 10 or claim 1 1 whe- 
rein said 10-fieid sequence identifier comprises 
modulo-5 or modulo-10 coding of a time code in 
said video signal. 

5 

13. Apparatus according to claim 10 or claim 1 1 whe- 
rein said 10-field sequence identifier comprises 
marked lines or data incorporated in lines of the 
blanking intervals of said video signal. 

10 

14. Apparatus according to claim 1 0 or claim 1 1 whe- 
rein said 10-field sequence identifier comprises 
time code user bits. 

15 
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